General chemical experimental techniques and procedures
1 H NMR spectra were recorded on Varian Unity 400 (400 MHz) or Varian Unity 500 (500 MHz) instruments, using deuterochloroform (or other indicated solvents) as reference or internal deuterium lock. The chemical shift data for each signal are given as in units of parts per million (ppm) relative to tetramethylsilane (TMS) where (TMS) = 0.00 ppm. The multiplicity of each signal is indicated by: s (singlet), br s (broad singlet), d (doublet), t (triplet), q (quartet), dd (doublet of doublets), ddd (doublet of doublet of doublets), dt (doublet of triplets) and m (multiplet). The number of protons (n) for a given resonance is indicated by nH. Coupling constants (J) are quoted in Hz and are recorded to the nearest 0.1 Hz.
13 C NMR spectra were recorded on Varian Unity 400 (400 MHz) or Varian Unity 500 (500 MHz) instruments using the central resonance of the triplet of CDCl 3 at 77.0 ppm as an internal reference. The chemical shift data for each signal are given as .
31 P NMR spectra were recorded on Varian Unity 500 (500 MHz) instrument. The chemical shift data for each signal are given in units as ppm, using the chemical shift of 85% H 3 PO 4 at 0.0 ppm as the internal reference.
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Flash chromatography was carried out, unless stated otherwise, on silica gel ] under a pressure of nitrogen.
Analytical thin layer chromatography (TLC) was completed on pre-coated 0.2 mm thick Merck Kieselgel 60 F254 silica gel plates and visualised by absorption of UV light and ethanolic phosphomolybdic acid (PMA) or aqueous potassium permanganate solution.
Hydrogenations at high pressure were carried out in a Büchi GlasUster "miniclave drive" stainless steel vessel, 100 ml, with a maximum operation pressure of 60 bar.
Teflon inserts were used and reactions were stirred using magnetic stirrer bars.
Solvents such as n-hexane and N,N-dimethylformamide were purchased from Aldrich and dried by sitting over freshly activated 4Å molecular sieves for 1 hour. Anhydrous THF, diethyl ether, and dichloromethane were dried by passage through a packed column of activated neutral alumina under a argon atmosphere, and toluene by passage through a column with additional R3-11 copper-based catalyst (Pure Process Technology). Moisture levels of solvent from the drying columns were regularly checked by Karl Fischer titration. Petroleum spirits refers to the fraction of boiling point range 40-60 °C. Procedures using moisture or air sensitive reagents were undertaken in a nitrogen-filled dual manifold employing standard Schlenk line techniques. Brine refers to a saturated aqueous solution of sodium chloride. Where appropriate and if not stated otherwise, all reactions were performed in flame-dried apparatus under an atmosphere of dry nitrogen.
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Experimental Procedures
4,6-Di-O-(4-methoxybenzyl)-myo-inositol orthoformate (3)
Sodium hydride (3.02 g, 60% dispersion in mineral oil, 75.5 mmol) was suspended in dry DMF (200 mL) and cooled to 0 ºC. To this suspension was slowly added the myoinositol orthoformate 2 (7.00 g, 36.8 mmol) in dry DMF (150 mL). The suspension was stirred for 1 hour at room temperature and then cooled to 0 ºC before dropwise addition of PMB chloride (11.3 mL, 82.8 mmol). The suspension was allowed to reach room temperature and stirred for a further 17 hours. The reaction was quenched by the addition of ice (5 g) and the solvent was reduced in vacuo. The residue was partitioned between ethyl acetate (200 mL) and water (200 mL). The aqueous layer was extracted with ethyl acetate (2 × 200 mL) and the combined organic layers washed with brine (150 mL) and dried (MgSO 4 ). Solvent was evaporated and the product was purified by flash chromatography (25-60% ethyl acetate in petroleum spirits) to afford the diprotected species 3 (9.23g, 58%) as a white solid. 18-4.15 (1H, m), 3.81 (6H, s) . This data corresponds well with previously reported data. 304 The compound was not characterised further.
2-O-Benzyl-4,6-di-O-p-methoxybenzyl-myo-inositol orthoformate (4)
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The di-PMB protected inositol 3 (1.00 g, 2.30 mmol) was dissolved in DMF (35 mL) and cooled to 0 C. Sodium hydride (60% dispersion in mineral oil; 138 mg, 3.45 mmol) was added in one portion and the mixture was stirred for 1 hour at room temperature, after which the vessel was once again cooled to 0 C and benzyl bromide (700 µL, 5.75 mmol) was added dropwise over 1 minute. The ice-bath was removed
and stirring continued for a further 17 hours. The reaction was quenched with water (2 mL), concentrated to dryness then partitioned between water (50 mL) and ethyl acetate (50 mL). The aqueous layer was extracted with ethyl acetate (3 x 50 mL 128.4, 127.8, 113.8, 85.6, 80.8, 72.7, 71.7, 70.7, 70.3, 69.6, 55 
5-O-Allyl-2-O-benzyl-1,3-O-methylene-4,6-di-O-p-methoxybenzyl-myo-inositol (6)
The alcohol precursor 5 (110 mg, 0.21 mmol) was dissolved in DMF (4 mL) and cooled to 0 C. Sodium hydride (60% dispersion in mineral oil; 25 mg, 0.63 mmol) and imidazole (5 mg) were added. The reaction was stirred at room temperature for 30 minutes, followed by the dropwise addition of allyl bromide (28 µL, 0.32 mmol).
After stirring for 24 hours, the reaction was quenched with water (1 mL) and concentrated in vacuo. The residue was partitioned between ethyl acetate (50 mL) and water (50 mL), and the aqueous phase was extracted with further ethyl acetate (3 x 50 mL). The combined organic phase was washed with brine, then dried (MgSO 4 ), filtered and concentrated to give 122 mg of crude material. Purification by flash chromatography (25% ethyl acetate in petroleum spirits) afforded the product 6 (93.7 mg, 80%) as a clear oil. 4, 137.7, 135.0, 129.8, 129.5, 128.5, 127.8, 127.8, 116.9, 113.8, 85.5, 81.7, 80.2, 72.5, 72.1, 71.5, 71.0, 70.3, 55.3 
2-O-Benzyl-5-O-allyl-myo-inositol (7)
Inositol precursor 6 (190 mg, 0.340 mmol) was suspended in methanol (24 mL) and treated with concentrated hydrochloric acid (6.0 mL), then stirred at reflux for 6 hours.
As the mixture cooled, white solids formed. The methanol was removed under vacuum and the white solids were suspended in ethyl acetate and collected by centrifuge (5 minutes, 3.0 rpm) and the solids were washed with ethyl acetate (3 x 3 mL). The remains were dried under vacuum to give the tetra-ol 7 (105.0 mg, quant.) as a white 4, 137.3, 128.3, 127.4, 127.3, 115.6, 84.14, 84.10, 82.2, 74.5, 73.33, 73.28, 73.25, 73.18, 72.51, 72.48, 72.40 136.0, 135.94, 135.90, 135.88, 135.6, 135.5, 135.4, 134.5, 133.1, 130.1, 129.6, 128.50, 128.46, 128.3, 128.21, 128.17, 128.0, 127.9, 127.8, 127.4, 127.2, 117.4, 78.1, 75.8, 75.7, 73.6, 69.9,69.8, 69.7, 69.6, 69.53, 69.48, 69.46, 69.42 135.65, 135.55, 135.5, 135.46, 135.4, 128.6, 128.53, 128.49, 128.47, 128.44, 128.39, 128.36, 128.2, 128.1, 128.0, 127.95, 127.92, 127.90, 127.82, 127.47, 127.3, 78.73, 78.69, 77.5, 75.9, 75.4, 72.4, 69.9, 69.83, 69.79, 69.75, 69.6, 69.5 A solution of 1H-tetrazole (~0.45 M in acetonitrile, 2.5 mL, 1.15 mmol) was added to benzoyloxydichlorophosphine (1.0 M in dichloromethane; 1.5 mL, 1.5 mmol) and stirred for 1 hour at room temperature. To this was added a solution of the alcohol 11 (100 mg, 0.42 mmol) in dichloromethane (1.5 mL) and stirring continued for a further 18 hours. The mixture was diluted with water (10 mL) and extracted with dichloromethane (3 x 20 mL). The combined organic layers were washed with saturated aqueous sodium hydrogen carbonate and brine, then dried (MgSO 4 ), filtered and concentrated to dryness. Purification by flash chromatography (50% ethyl acetate in petroleum spirits) gave the product 12 (160 mg, 82%) as a pale yellow oil. The product was then dissolved in 2 mL of dichloromethane and stored at 4 ºC. reported data. 308 The compound was not characterised further.
2-O-Benzyl-5-O-allyl-1,3,4,6-tetrakis-O-xylylene phosphate-myo-inositol (14)
Phosphoramidite 13 (~1.02 M in dichloromethane, 0.65 mmol, 0.65 mL) and 1H-tetrazole (~0.45M in acetonitrile, 1.3 mmol, 2.9 mL) were stirred for 15 minutes at room temperature before dropwise addition of tetra-ol 7 (20 mg, 65 μmol) dissolved in dry DMF (2 mL). The resulting mixture was stirred at room temperature for 17 hours before cooling to -78 ºC and m-chloroperoxyperbenzoic acid (70-75% purity, 280 mg, 1.15 mmol) was added. The mixture was stirred for 2 hours at room temperature, then diluted with ethyl acetate (20 mL) and the organic phase was stirred vigorously with saturated aqueous sodium hydrogen sulfite (8 mL) for 30 minutes. Further extraction with ethyl acetate (3 x 40 mL) led to the organics being washed with saturated aqueous sodium hydrogen carbonate (10 mL) and brine (10 mL) before being dried 134.8, 134.4, 134.3, 134.1, 129.4, 129.2, 129.1, 128.9, 128.8, 128.7, 128.5, 128.4, 128.3, 128.2, 128.0, 127.7, 127.3, 117.5, 78.5, 78.3, 78.0, 77.9, 77.6, 76.1, 76.0, 73.2, 69.2, 69.0, 68.8, 68.7, 68.4, 68.2, 68.0, 67.9, 67.6 
2-O-Benzyl-5-O-hydroxy-1,3,4,6-tetrakis-O-xylylene phosphate-myo-inositol (15)
Palladium dichloride (8.0 mg, 43.0 μmol) was added to a stirring solution of tetraphosphate 14 (30 mg, 29.0 μmol) dissolved in methanol (2 mL) and chloroform (1 mL) and was allowed to stir at room temperature for 3.5 hours. The reaction mixture was filtered through celite to remove any remaining solid catalyst and was washed through with chloroform and methanol. The remaining organics were removed in vacuo. The residue was suspended in dichloromethane (10 mL) and hydrogen peroxide (15%, 10 mL) and stirred vigorously at room temperature for 2 hours (or until no further bubbling). The product was extracted with dichloromethane (4 x 10 mL) which was washed with brine (10 mL) before being dried (MgSO 4 ), filtered and reduced in vacuo. The solids were purified by flash chromatography (gradient 100% chloroform to 5% methanol in chloroform) to give the alcohol 15 (24 mg, 82%) as a white gum. 135.5, 135.2, 135.1, 129.3, 129.2, 129.1, 129.0, 128.9, 128.3, 127.7, 79.1, 77.8, 76.2, 75.9, 72.3, 69.3, 68.9 
2-O-Benzyl-5-O-(benzyloxycarbonyl-amino)ethoxyethyl-benzylphosphate-1,3,4,6-tetrakis-O-xylylenephosphate-myo-inositol (16)
To a solution of 1H-tetrazole in acetonitrile (0.44 ml, 0.45M, 0.20 mmol, 7 equiv.)
was added a solution of phosphoramidite 12 (80 mg, 0.134 0.168 mmol, 6 equiv.) in dry dichloromethane (2 mL) under nitrogen. After stirred at room temperature for 30 minutes, a solution of 15 (28 mg, 0.028 mmol, 1 equiv.) in dry dichloromethane (1 mL) was added to the mixture dropwise. After stirring at room temperature overnight, m-chloroperoxyperbenzoic acid (63mg, 70%, 0.28 mmol, 10 equiv.) was added in a single portion at -78 °C and stirred for 30 minutes. Then the mixture was warmed up to room temperature and after stirring for 1.5 hours, the reaction mixture was worked up by dilution with sodium hydrogen sulfite (2 mL) and dichloromethane (5 mL). The organic phase was washed with sodium hydrogen carbonate, brine and dried (MgSO 4 ). 1, 134.1, 132.7, 132.6, 132.4, 132.3, 132.2, 126.6, 126.5, 126.4, 126.3, 126.2, 126.0, 125.9, 125.8, 125.7, 125.3, 125.2, 125.0, 124.8, 73.5, 73.3, 68.7, 67.9, 67.5, 67.4, 67.1, 67.0, 66.7, 66.6, 66.5, 66.3, 66.2, 66.1, 66.0, 65.9, 64.8, 64.7, 64.3, 63.9, 38.3 
5-O-Aminoethoxyethyl-phosphate-myo-inositol-1,3,4,6-tetraphosphate (1)
To a solution of the fully protected derivative 16 (10 mg, 72 µmol) dissolved in methanol and THF (2:3, 2 mL) was added palladium hydroxide (10 mg). The mixture was reacted under hydrogen (10 bar pressure, in Buchi hydrogenation vessel) and was allowed to stir vigorously for 48 hours. The mixture was filtered twice through celite and the filtrate was lyophilised to give the desired product 1 (5 mg, quant.) as a white powder. 7, 76.2, 75.5, 73.0, 71.6, 69.9, 66.3, 66.0, 60.4, 39 1 H NMR spectra of the same region of the combined washes from of the beads post coupling, sample was spiked with orthoformate 2 for integrating purposes, with a distinctive peak at 5.62 ppm.
In order to validate these results it was important to have a negative control, which allowed any non-specific binding to be observed. "Blank" beads were therefore prepared, using exactly the same procedure as the IP5 beads but without adding the amino-IP5 derivative 1, providing a bead that essentially had a completely ethanolamine derivatised surface. The procedure was repeated three times with the amino IP5 (0.354 μmol) used for coupling to make 700 μL of IP5 conjugated Dynabeads. The supernatant and washes from the three experiments were combined for lyophilisation to obtain more accurate 1 H NMR analysis of any uncoupled material. To the combined supernatant and washes (containing unreacted NH2-IP5) was added a solution of myo-inositol orthoformate (0.526 µmol, 100 μL, C = 1.0 mg/mL in D2O), and no NH2-IP5 was observed in the given 1 H NMR (carefully compared to its own 1 H NMR spectrum, and with sharp signals from myo-inositol orthoformate as reference). Therefore, all of NH2-IP5 was coupled to Dynabeads M-270 and the loading is the ratio (as a percentage) of moles of NH2-IP5 (0.1012 µmol) to beads (0.90 µmol), which is 11%.
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Biosensor analysis
Surface Plasmon Resonance studies were performed using a Biacore 2000 biosensor (Biacore Life Sciences, GE Healthcare). Direct coupling of the NH2-IP5 derivative is not feasible due to the highly negatively charged head group of the compound, which inhibited surface enrichment. Therefore, the NH2-IP5 analogue (5 µg/µL in PBS), was coupled to biotin using Sulfo-NHS-biotin (Thermo Scientific) (1/2 ratio, 2 hours, rt).
Biotin conjugated IP5 was separated from free NHS-Biotin using an anion exchange column (SAX Analytical HPLC Column, 4.6 x 150 mm, Agilent,) connected to an HP1100 system (Agilent). Biotinylated IP5 was eluted using a linear 0-2M (NH4)HCO3 gradient over 30 minutes at a flow rate of 1 mL/min. Biotin derivatised IP5 was then immobilised onto a neutravidin sensor surface according to a described protocol. 318 Various concentrations of GST tagged GRP-1 and AKT-2 (5 μM, 2.5 μM, 
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Where rf is the fitted value at a given point, rx is the experimental value at the same point, n is the number of data points and p is the number of degrees of freedom.
